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Abstract 

ITH DIABETES cases soaring worldwide, including in Saudi Arabia, researchers are focusing 

on probiotic-rich foods like fermented kefir laban (FKL) as a potential way to prevent its 

complications. FKL's unique mix of antioxidants, anti-inflammatory properties, and immune-boosting 

abilities make it a promising option for preventative healthcare. This investigation aimed to elucidate 

the influence of FKL administration on markers of oxidative stress and inflammation in diabetic 

rats, with the primary objective of assessing its potential renoprotective effects. Diabetes was induced 

by Streptozotocin (STZ) (65 mg/kg) intraperitoneal (i.p.) injection. Forty rats were assigned to four 

groups: (1) control, (2) diabetic, (3 and 4) diabetic + 2 and and 4 ml FKL /200 g body weight daily, 

respectively by oral administration for 35 days. Serum glucose, insulin, renal function, antioxidants, 

and pro-inflammatory cytokine markers were assessed. Besides, the renal histopathological changes 

were examined. FKL administration exhibited potent hypoglycemic and renoprotective effects, 

evidenced by significant reductions in serum glucose, urea, uric acid, and creatinine levels.  FKL also 

demonstrated a statistically significant increase in serum insulin. Furthermore, FKL suppressed the 

diabetes-induced inflammation, as indicated by decreased serum tumor necrosis factor-alpha (TNF-α) 

and interleukin-6 (IL-6) concentrations.  Interestingly, FKL significantly reduced serum 

malondialdehyde (MDA) while concomitantly increasing superoxide dismutase (SOD) 

activity. Additionally, FKL mitigated diabetic-induced histopathological alterations in the renal, with 

the most pronounced effects observed in the group receiving the highest FKL dose. These findings 

suggest a potential role of FKL in modulating multiple pathways involved in preventing diabetic 

nephropathy. 

Keywords: Fermented kefir milk; Diabetic nephropathy; Antioxidants; Anti-inflammatory; 

Histopathological. 

Introduction  

Diabetes is considered a leading public health 

problem. Globally, it affects millions of populations. 

The WHO predicts 439 million persons will have 

diabetes in 2030 [1].  Diabetic nephropathy, 

cardiovascular disorders, neuropathy, and 

retinopathy are considered the most common 

pathological complications of diabetes [2]. Diabetic 

renal disease remains the unresolved major problems 

of diabetes that resulted in end-stage renal disease 

(ESRD) in all diabetic type I and II. Approximately 

47 % of ESRD cases are due to diabetic nephropathy 

[3]. Clinical studies have provided clear evidence 

that angiotensin-converting enzyme (ACE) 

inhibitors, and probably also AT1 receptor 

antagonists, at least in patients suffering from 

diabetes, slow disease progression to end-stage renal 

failure [4]. However, it has numerous side effects. 

Therefore, there is an urgent need for natural 

interventions to protect the renal in diabetic cases [5].    

The human microbiota is an extremely complex 

system; it has an important impact on the health 

status. Numerous studies elucidated the direct and 

indirect influences of microbiota in health and 

disease via secreted functional molecules [6]. Several 

studies established the relationship between gut 

dysbiosis and the development of human diseases. In 

addition, it is associated with specific metabolic 

states such as obesity, metabolic syndrome, and 

diabetes [7,8].  
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Food induced a marked impact on the diversity of 

gut microbiome. Administration of prebiotics, 

probiotics, and symbiotic dietary supplements 

positively positive affected microbiota, resulting in 

beneficial therapeutic action. Kefir grains are a 

unique symbiotic consisting of polysaccharides, and 

a protein matrix composed of a complex microbial 

association, mainly yeasts and bacteria. Fermented 

kefir laban is a fermented milk using kefir grains and 

is considered an excellent source of probiotics with 

antioxidant phenolic compounds and bioactive 

peptides [9, 10]. Numerous studies have proven the 

preventive and therapeutic benefits of FKL. It has 

cardioprotective and antioxidant effects against 

isoproterenol-induced myocardial infarction [11]. In 

addition, FKL has antioxidants [12], antitumoral, 

immunomodulatory [13], triglycerides and 

cholesterol-lowering [14], anti-inflammatory, and 

antifungal activities [15]. In addition, FKL has 

hypoglycemic effects via enhancing pancreatic β-

cells [16].  

This study aims to assess the nephroprotective 

effects of FKL in type 1 diabetic rats, focusing on its 

influence on oxidative stress and inflammation.  

Material and Methods  

Kefir laban and chemicals   

Organic fermented kefir laban (HONEST Com, 

Saudi Arabian) was purchased from the local market, 

Jeddah, SA. Streptozotocin (STZ) was obtained from 

Sigma-Aldrich (St. Louis, MO, USA).  

Animals  

Male Albino Wistar rats (n= 40, weight 200-240 

g) were obtained from the King Fahad Medical 

Research Center (KFMRS), KAU, Jeddah, SA. The 

experiment done in KFMRS, and all aspects of the 

experiment were conducted according to the 

Canadian guidelines provided by the ethical 

committee of the experimental animal care. This 

protocol was certified by the Ethical Committee 

Unit, Faculty of Medicine, KAU, Jeddah, SA. The 

approval number PH-1444-9. 

Induction of diabetes   

The STZ was freshly prepared immediately 

before injection in 0.01 M citrate buffer (pH=4.5). 

STZ was injected i.p. in fasted rats (fasting 

overnight) (65 mg/kg) single dose level. Then all 

injected STZ rats were allowed to drink sucrose 

solution (10 %) to avoid hypoglycemia shock and 

mortality. Diabetes induction was checked after 72 

hours of i.p. STZ injection. Blood samples were 

withdrawn from the tail vein, then fasting blood 

glucose (FBG) level was measured by a glucometer 

Accu-Chek® Active (Roche Diagnostics GmbH, 

Mannhein, Germany). The animals with FBG levels 

≥ 250 mg/dl were considered diabetic [17]. On the 

other hand, control rats were injected with citrate 

buffer only. 

Experimental groups 

Rats were allocated to two main experimental 

groups first group control rats (n=10) and second 

group diabetic rats (n=30). Diabetic rats were further 

distributed into three groups: diabetic untreated, 

diabetic received FKL 2 ml/200 g b.wt/d; and 

diabetic rats received FKL 4 ml/ 200 g b.wt/d orally. 

All groups were fed a standard diet during the 

experiment period (35 days). The dose 2ml/200 g 

b.wt/d for 35 days was chosen as described by 

Nurliyani et al. [16]. In control and diabetic untreated 

groups, the rats received 2 ml PBS/d orally.   

Blood samples were taken from the animals after 

overnight fasting and then centrifuged for 10 minutes 

at 400 rpm (Hettich Universil 320 R. Switzerland) 

for serum separation, which was stored at -80 ºC for 

measurement of the biochemical parameters. Renal 

tissues were fixed in formalin (10%) for 

histopathological examination. 

Estimation of serum glucose and insulin 

concentration  

Glucose was assessed using the procedure of 

colorimetric kit (BioMerieux, France). Insulin was 

measured using an ELISA kit (Abcam, UK) 

following the procedure described in the kit.  

Estimation of serum renal function indices  

Creatinine, uric acid, and blood urea nitrogen 

were assessed using the procedure of colorimetric 

standard kits (Roche Cobas Diagnostic, USA). 

Estimation of serum oxidative stress indices  

Malondialdehyde (MDA) and superoxide 

dismutase (SOD) were assessed using ELISA LSBio 

kits (LifeSpan Biosciences, USA) as described in the 

kits’ procedure.  

Estimation of serum pro-inflammatory cytokines  

 Tumor necrosis factor-α (TNF-α) and 

interleukin-6 (IL-6) were assessed by ELISA kits 

(LifeSpan Biosciences, USA) as described in the 

kits’ procedure.  

Histological examination 

The formalin-fixed renal tissues were 

dehydrated with different concentrations of ethanol. 

Renal tissues were then embedded in paraffin and cut 

into 5-μm sections. Subsequently, the renal tissues 

were stained with hematoxylin and eosin (H&E), and 

the slides were used for the histopathological 

microscopic examination. 

Data analysis and statistics 

The data analysis was carried out using SPSS 

(Version 27). Results were presented as mean and 

SD (standard deviations). Comparison between 
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groups was assessed by one-way ANOVA test and 

the Tukey-Kramer post hoc test to compare the 

results between the study groups LSD post-hoc test. 

Results with p-values ≤ 0.05 were judged significant.  

Results 

Fermented Kefir Laban (FKL) lowers glucose and 

elevates insulin levels in diabetic rats 

Serum glucose concentration was significantly 

elevated in diabetic rats relative to the control rats 

(p≤0.05). Ingestion of FKM 2 ml or 4 ml /200 g to 

diabetic rats resulted in a significantly declined in 

glucose levels relative to the diabetic rats. The 

hypoglycemic influence of FKM was markable and 

significant in diabetic rats that received FKM 4 

ml/200 g relative to diabetic rats that received FKM 

2 ml/200 g (p≤0.05).  On the other hand, diabetic rats 

revealed a significant decrease in serum insulin level 

relative to control rats (p≤0.05). Administrated FKM 

at 2 ml or 4 ml/200 g significantly elevated insulin 

levels relative to the diabetic rats. The high dose was 

efficient in improving the insulin secretion compared 

with the low dose. There was a significant difference 

between diabetic rats received 4 ml FKM relative to 

diabetic rats that received 2 ml FKM (p≤0.05) (Fig. 

1).  

Fermented Kefir Laban (FKL) improves renal 

functions in diabetic rats  

Diabetic nephropathy was found in rats, as 

evidenced by significantly elevated renal biomarker 

levels in diabetic rats relative to the control rats 

(p≤0.05). On the other hand, renal function 

biomarkers were significantly and progressively 

reduced in diabetic rats ingested FKM 2 ml or 4 ml 

/200g relative to the diabetic rats (p≤0.05). The high 

dose was more effective in preventing renal 

functions; there was a significant difference between 

diabetic rats that received FKM (4 ml/200 g) relative 

to diabetic rats that received FKM (2 ml/200 g) 

(Table 1). 

Fermented Kefir Laban (FKL) attenuates oxidative 

stress in diabetic rats  

Diabetics resulted in oxidative stress as evidenced 

via a significant elevated serum MDA concurrent 

with a significant reduced in serum SOD activity in 

diabetic rats relative to the control rats. On the other 

hand, FKL showed antioxidant activities as 

evidenced via significantly and progressively 

reduced MDA concurrent with significantly elevated 

SOD in groups that ingested FKM 2 ml or 4 ml /200g 

relative to the diabetic rats (p≤0.05). The high dose 

showed a potent antioxidant effect relative to low 

doses. There was a significant difference between 

diabetic rats that received FKM 4 ml/200 g relative 

to diabetic rats that received FKM 2 ml/200 g in 

serum contents of MDA and SOD (p ≤ 0.05) (Fig. 2). 

Fermented Kefir Laban (FKL) attenuates 

inflammation in diabetic rats  

Inflammation markers (IL-6 and TNF-α) levels in 

the serum were significantly increased in diabetic 

rats relative to the control rats (p≤0.05). The 

ingestion of FKM at 2 ml or 4 ml/200 g significantly 

diminished the serum inflammation markers (IL-6 

and TNF-α) relative to the diabetic rats. However, 

the influence was more significantly profound in 

diabetic rats that received the highest dose 4 ml/200 

g relative to the low dose 2 ml/200 g (Fig. 3). 

Fermented Kefir laban (FKL) prevents renal 

histopathological changes in diabetic rats  

The renal sections in control rats showed normal 

structure (Fig. 4A). Diabetes induced numerous 

histopathological alterations in renal tissues as 

evidenced by decrease in renal glomerular size and 

corpuscle, marked disorganization of renal 

parenchyma, dilation of tubular lumina, and atrophy 

of renal corpuscle (Fig. 4B &C). Diabetic rats 

received FKM (2 ml/ 200g) showing mild decline in 

renal glomerular size and corpuscle, mild 

disorganization of renal parenchyma, dilation of 

tubular lumina, and atrophy of renal corpuscle (Fig. 

4D). Diabetic rats received FKM (4 ml/ 200 g) 

showing marked preservation of renal parenchyma 

structure, renal tubules showed healthy lining 

epithelium similar to that of control (black arrows) 

(Fig. 4E). 

Discussion  

The obtained findings demonstrate that FKL 

administration to diabetic rats leads to a reduction in 

serum glucose concentration, an increase in serum 

insulin concentration, and a significant reduction in 

serum creatinine, blood urea, and uric acid 

levels. Additionally, FKL significantly decreases 

serum MDA, IL-6, and TNF-α levels while 

concurrently increasing serum SOD activity. The 

potential blood sugar-lowering effects and delaying 

the onset of hyperglycemia and insulin resistance of 

kefir and similar fermented products containing 

probiotics, including yogurt, kefir beverage, and 

dahi, have been investigated in earlier research [18-

22]. Similar to previous findings, a further study 

reported that kefir consumption led to reductions in 

both fasting blood sugar and hemoglobin A1c levels 

[23].  

The precise mechanism by which kefir beverage 

modulates blood glucose levels is not fully 

understood. Although the exact pathways remain 

unclear, researchers have proposed promising 

hypotheses. A predominant theory suggests that kefir 

exerts its effects through modulation of the gut 

microbiome [24,25]. Gut microbiota composition 

significantly impacts diabetes-associated 

inflammation. Disruptions in gut bacteria have been 

linked to raised production and circulation of pro-
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inflammatory molecules, subsequently triggering the 

release of pro-inflammatory cytokines and 

contributing to insulin resistance [26]. 

Lipopolysaccharides, potent pro-inflammatory 

molecules derived from gut microbiota 

imbalances, exacerbate diabetes progression through 

multiple mechanisms, including decreased insulin 

secretion, enhanced beta-pancreatic cell 

apoptosis,  and modulation of various other disease 

pathways [27,28]. One study proposes that kefir 

beverage may stimulate skeletal muscle glucose 

uptake through antioxidant-mediated 

mechanisms, thereby contributing to glycemic 

control [29]. Probiotic administration may exert its 

antihyperglycemic effects by prompting the 

production of gut-derived insulinotropic polypeptides 

and glucagon-like peptide-1, induced enhanced 

glucose uptake [23]. 

The observed association between kefir-induced 

reductions in blood glucose and decreased levels of 

urea, uric acid, and creatinine, indicators of renal 

function, suggests that kefir's benefits in diabetic rats 

extend beyond glycemic control to protecting renal 

health. Notably, these uremic substances accumulate 

as a consequence of diabetic renal complications 

[30]. The obtained findings indicated that FKM 

ingestion significantly reduced serum inflammation 

markers, specifically IL-6 and TNF-α. Both goat and 

soymilk kefir reduced inflammation in diabetic 

rats, as shown by lower levels of the marker IL-

6. However, goat milk kefir was more effective, also 

lowering markers of chronic inflammation (C-

reactive protein, CRP) and blood sugar levels [31]. 

Dextran sodium sulfate-induced colitis models have 

provided further evidence for kefir's anti-

inflammatory properties. Dietary kefir administration 

in rats demonstrably reduced histological scores of 

colitis and prevented elevated colonic tissue TNF-α 

concentrations [32]. Kefir consumption demonstrated 

a potential anti-inflammatory effect in patients with 

metabolic syndrome, as evidenced by diminished 

serum levels of pro-inflammatory cytokines IL-6 

and TNF-α [33]. 

Analysis of oxidative stress markers revealed a 

significant rise in these markers within the diabetic 

experiencing complications compared to those 

without. This observation suggests a potential 

association between elevated oxidative damage and 

the development of diabetic complications [34]. 

Oxidative stress conditions may contribute to the 

development of oxidative protein 

modifications, potentially impacting protein function 

and cellular integrity [35]. Kefir administration 

appears to exert a synergistic effect on glycemia and 

oxidative stress management, potentially contributing 

to the amelioration of renal function in diabetic 

rats. This observation supports the potential use of 

kefir as a non-pharmacological adjuvant to delay the 

progression of diabetic complications [36].  

Kefir consumption may exert protective effects 

on renal function in diabetics through mechanisms 

involving the reduction of intraglomerular 

hypertension and the alleviation of oxidative stress 

[30]. Biochemical analysis demonstrated a 

statistically significant increase in serum SOD 

activity in the diabetic + FKL group relative to the 

diabetic group. These findings are consistent with the 

observations reported by Yadav et al. in their study 

on the effects of kefir on SOD levels in hepatic and 

pancreatic tissues of diabetic rats [37].  Kefir 

administration exhibited a potential effect of 

augmenting renal tissue antioxidant capacity in 

diabetic rats, as indicated by statistically significant 

increases in the activity levels of SOD, catalase, and 

glutathione [30]. Kefir peptides treatment induced a 

statistically significant reduction in oxidative stress 

markers and a concomitant increase in SOD activity 

within the renal of salt-induced spontaneously 

hypertensive stroke-prone rats [38].  

Conclusion 

Administration of FKL may potentially improve 

renal dysfunction, glycemic status, oxidative stress, 

and inflammation associated with type 1 diabetes. 

These findings indicate the promising potential of 

FKL as a supplementary intervention to slow the 

progression of diabetes-induced nephropathy.  
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Fig. 1. Influence of FKM on A: serum glucose level and B: serum insulin level measured in diabetic rats. Results 

illustrated as mean ± SD (n = 10). aSignificant versus control. bSignificant versus diabetic group. cSignificant 

diabetic + FKM (2 ml/200 g) group versus diabetic + FKM (4 ml/200 g) group. (p≤0.05). 

 

TABLE 1. Influence of FKM on serum renal functions levels in diabetic rats 

Experimental groups Urea (mg/dl) Uric acid (mg/dl) Creatinine (mg/dl) 

Control  16.67 ± 2.06 5.73 ± 0.79 0.69 ± 0.13 

Diabetic 65.30 ± 6.77 a 10.41 ± 1.01a 1.81 ± 0.17 a 

Diabetic + FKM (2 ml/ 200g) 21.22 ± 2.61 b  6.58 ± 0.88 b  0.81 ± 0.13 b  

Diabetic +FKM (4 ml/ 200g) 17.24 ± 1.74 b, c 5.60 ± 0.88 b, c 0.66 ± 0.12 b, c 

Results illustrated as mean ± SD (n = 10). aSignificant versus control. bSignificant versus diabetic group. cSignificant diabetic 

+ FKM (2 ml/200 g) group versus diabetic + FKM (4 ml/200 g) group. (p≤0.05) 
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Fig. 2. Influence of FKM on serum oxidative stress indices contents in diabetic rats. Results illustrated as mean ± SD 

(n = 10). A: MDA; B: SOD. aSignificant versus control. bSignificant versus diabetic group. cSignificant diabetic + 

FKM (2 ml/200 g) group versus diabetic + FKM (4 ml/200 g) group. (p≤0.05) 
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Fig. 3. Influence of FKM on serum anti-inflammatory cytokines indices levels in diabetic rats. Results illustrated as 

mean ± SD (n = 10). A: IL-6; B: TNF-α.  aSignificant versus control. bSignificant versus diabetic group. 

cSignificant diabetic + FKM (2 ml/200 g) group versus diabetic + FKM (4 ml/200 g) group (p≤0.05). 
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Fig. 4. Influence of FKM on renal histopathological changes (bar =20 µm, H&E staining). Control rats showed normal 

glomerular capillaries and renal corpuscle (white arrows). Renal medullary tubules and cortical showed 

normal lining epithelium and narrow lumina (black arrow) (Fig. A). In diabetic rats’ renal sections showing 

marked decline in glomerular size and renal corpuscle (white arrows), marked disorganization of renal 

parenchyma with deformity and atrophy of renal corpuscle, and dilation of tubular lumina (black arrows) 

(Figs. B & C). Diabetic rats received FKM (2 ml/ 200g) showing mild decline in glomerular size and renal 

corpuscle (white arrows) and dilation of tubular lumina (black arrows), mild disorganization of renal 

parenchyma with deformity and atrophy of renal corpuscle (Fig. D). Diabetic rats received FKM (4 ml/ 200 g) 

showing observed protection of renal parenchyma structure, slight distortion of some renal corpuscles, renal 

tubules showed healthy lining epithelium comparable to that of control (black arrow) (Fig. E). 
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النوع التأثير الوقائي للكلي للبن الكفير المُخمر في الجرذان المصابة بداء السكري من 

 الأول: المسار المضاد للأكسدة والمضاد للالتهابات

 فاطمة محمد علي يوسف

 .المملكة العربية السعودية ،جدة ،جامعة الملك عبد العزيز ،كلية العلوم الإنسانية والتصاميم ،قسم الغذاء والتغذية

 

 الملخص

المملكة العربية السعودية، يركز الباحثون على مع تزايد انتشار مرض السكري على مستوى العالم، بما في ذلك في 

الأطعمة الغنية بالبروبيوتيك مثل لبن الكفير المخمر كوسيلة لمنع المضاعفات المرتبطة بالمرض. يتمتع لبن الكفير 

حية بخصائص متعددة مثل تأثيره المضاد للأكسدة والالتهابات وقدرته على تعزيز المناعة، مما يجعله مفيداً للرعاية الص

الوقائية. يهدف هذا البحث إلى دراسة تأثير لبن الكفير على مؤشرات الإجهاد التأكسدي والالتهابات في الجرذان المصابة 

( مجموعة 1تم تقسيم أربعين جرذاً ذكرًا إلى أربع مجموعات: ) بالسكري، مع تقييم تأثيره الوقائي المُحتمل على الكلى.

مل من لبن  4مل أو  2( مجموعات مصابة بالسكري ومعالجة بجرعة 4و 3، و)( مجموعة مصابة بالسكري2ضابطة، )

يومًا. أظهرت النتائج أن تناول لبن الكفير أسفر عن تأثيرات فعالة في  35جم من وزن الجسم يومياً لمدة  200الكفير لكل 

وز، اليوريا، حمض خفض مستويات السكر في الدم وحماية الكلى، حيث لوحظ انخفاض كبير في مستويات الجلوك

البوليك، والكرياتينين في مصل الدم. كما زاد مستوى الأنسولين في الدم بشكل ملحوظ، مما يشير إلى تحسن في التحكم 

في سكر الدم. بالإضافة إلى ذلك، لوحظ تثبيط في الاستجابة الالتهابية من خلال انخفاض تركيزات عامل نخر الورم ألفا 

بن الكفير انخفاضًا ملحوظًا في الدهون المؤكسدة، وهي مؤشر على الإجهاد التأكسدي، وزيادة . وأظهر ل6-والإنترلوكين

في نشاط إنزيم السوبر أوكسيد ديسموتيز المضاد للأكسدة. كذلك، أظهر لبن الكفير وقاية من التغيرات النسيجية المرضية 

 المجموعة التي تلقت الجرعة الأكبر من لبن الكفير. التي يسببها السكري في الكلى، وكانت التأثيرات الأكثر وضوحًا في

 خلصت الدراسة إلى أن لبن الكفير يلعب دورًا محتملاً في تعديل مسارات متعددة مرتبطة باعتلال الكلى السكري.

الاكسدة، مضادات الالتهابات،  لبن الكفير المتخمر، اعتلال الكلى السكري، مضادات: الكلمات المفتاحية

 الهستوباثولوجى.
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